The interactions of some radioelements activity patterns with some hydrographic parameters at the petroleum and phosphate regions in the Red Sea, Egypt  by Dar, Mahmoud A. & El Saman, Mahmoud I.
ww.sciencedirect.com
J o u r n a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 9 2e3 0 4Available online at wScienceDirect
Journal of Radiation Research and Applied
Sciences
journal homepage: http: / /www.elsevier .com/locate / j r rasThe interactions of some radioelements activity
patterns with some hydrographic parameters at
the petroleum and phosphate regions in the Red
Sea, EgyptMahmoud A. Dar*, Mahmoud I. El Saman
National Institute of Oceanography and Fisheries, Red Sea Branch, Hurghada, Egypta r t i c l e i n f o
Article history:
Received 23 February 2014
Accepted 24 March 2014
Available online 18 April 2014
Keywords:
Radionuclides
Activity patterns
Hydrographic parameters
Phosphates
Oil production
Red Sea* Corresponding author.
E-mail address: mahmoud_rady@yahoo.c
Peer review under responsibility of The Egy
Production and hosting by El
http://dx.doi.org/10.1016/j.jrras.2014.03.005
1687-8507/Copyrightª 2014, The Egyptian Soc
reserved.a b s t r a c t
The activity patterns of; 226Ra, 228Ra, 232Th, 40K, 210Pb and 210Po and the interaction with
some hydrographic parameters; salinity, pH and dissolved oxygen (DO) were studied near
the oil production and exploration fields at Rasel Behar and near the phosphate mining,
milling and shipping at Hamrawin area. The average activities of 226Ra, 228Ra, 232Th, 40K,
210Pb and 210Po at Resel Behar were; 15.2  6.3, 15.8  8.6, 16.2  8.7, 330.7  107.1,
19.3  12.7 and 27.5  21.18 Bq/kg and at Hamrawin were; 103.9  141.6, 13.4  18.5,
14.1  18.8, 242.6  79.3, 92.3  128.5 and 133.0  184.5 Bq/Kg respectively. The distribution
patterns of 226Ra, 228Ra, 232Th and 210Pb at Rasel Baher to the brine water drainage from oil
tanks and petroleum production platforms at Jubal Strait. The highest activity values
recorded at Hamrawin marine area were concentrated inside the shipping zone and
decreasing abruptly seaward and southward indicate to the dropped phosphate raw ma-
terials are the main radioactive source in the locality. The activity pattern of 40K indicates
to multiple sources of accumulations mostly from the terrestrial runoff.
The negative correlation with pH and salinity as well as the positive correlation with DO
indicate that the radionculides in sediments were less soluble with increasing pH and
salinity therefore; they tend to accumulate in sediments under more the oxidizing con-
ditions. The 40K variations in the sediments to the high solubility of potassium, the organic
matter content and the particle size which corresponds to the clay content.
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Red Sea belongs to the category of land-locked seas, as it is
semi-enclosed basin in an arid zone in which evaporation far
exceeds precipitation and runoff. Like the other enclosed seas,
its chemistry is intimately linked with physical and biological
processes, in particular with topographical features (Morcos,
1970). Red Sea coastal plain is from 2 to 50 km wide and
slopes up gently to the east until it meets the mountains. TheRas Gharieb
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Fig. 1 e Location maps show the investigatedRed Sea Mountains are deeply cut by valleys but streams
flowing in the uplands fail to cross the coastal plain to reach
the sea (Behairy, Sheppard, & El-Sayed, 1992, 41 pp.). Most
sandy shores in the northern Red Sea are narrow beaches
adjoining narrow coral reef flats (Chiffings, 2003). Red Sea is
considered the most important and the biggest navigation
path in the world as well as northern Red Sea and the Gulf of
Suez involve about 90% of the Egyptian oil exploration and
production activities (El Afifi & Awwad, 2005; Shawky, Amer,
Nada, Abd El-Maksoud, & Ibrahium, 2001). Also, the Egyptian27.75
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that were extending between Safaga at the north to Abu
Ghsoun south of Mersa Alam including; Um El-Howeitat,
Gasus, Wasif, Mohamed Rabah, Hamadat, Atshan, Duwi,
Anz, Abu Tundub, Hamrawein and Abu Ghsoun. Conse-
quently; the major industries in the Red Sea region include oil
exploration, oil production, oil processing, phosphate ore
mining activities, manufacturing industries (fertilizers,
chemicals, cement) (El-Mamoney & Khater, 2004; UNEP, 1997,
67 pp.).
Marine sediments are the essential reservoir for natural
and artificial radionuclides retention because of their diverse
composition. The uptake, mobilisation, transport and rede-
position of natural radionuclides are complex processes
depend on both physical and chemical parameters
(Noureddine & Baggoura, 1997). The radionuclides distribu-
tions in the marine sediments (natural and artificial) provide
an essential information about sediment movements and
accumulations, provide a strong signal about the sediment
origin as well as can consider the base information about any
future abnormality in the artificial radionuclide concentra-
tions in the marine environment (El Saharty & Dar, 2010).
Radionuclides are known to be associated with organic
materials in nature. Therefore, oil, gas and oil field brines
frequently contain radioactive materials (Paschoa, 1997). Hy-
drocarbon exploration and production activities have the po-
tential to increase the risk of radiation exposure to the
environment and humans by concentrating the quantities of
naturally occurring radiationbeyondnormalbackground levels
(Ajayi, Torto, Tchokossa, & Akinlua, 2009). The water co-
produced with the oil and gas contains activity concentrations
of 226Ra and 228Ra about three orders of magnitude higher than
what is normally encountered in seawater (NRPA, 2004, 54 pp.).
Phosphate rocks have relatively high content of radionuclides
(Bituh, Marovic, Franic, Sencar, & Bronzovic, 2009; UNSCEAR,
2000, 1220 pp.). Phosphate deposits are generally character-
ized by enhanced radionuclide concentrations compared to
natural levels. Theminingandprocessingof this phosphateore
redistribute radionuclides throughout the environment and
introduce them into phosphoric acid and phosphogypsum
(Harb, El-Kamel,AbdEl-Mageed,Abbady,&Negm,2008; Saueia,
Mazzilli, & Fa´varo, 2005). El-Mamoney and Khater (2004)
considered oil explorations and production as well as phos-
phates ore mining and production are non-nuclear pollution
sources that could have serious radiological impacts on the
marineenvironmentand thecoastal ecosystemsof theRedSea.
The present study aims to delineate the sources of some
natural radionuclides and their activity patterns in two lo-
calities under two different human activities along the Red
Sea coast as well as the interaction between these radionu-
clides and the surrounding hydrographic parameters (pH,
salinity and dissolved oxygen).2. Materials and methods
2.1. Geological and geomorphic settings
Rasel Behar is one of the important oil exploration and pro-
duction areas along the Red Sea. It is located about 65 kmnorthern of Hurghada City along the Red Sea coast at the co-
ordinates; 27 430 43.5000N; 33 320 55.9100E south of El-Zeit Bay in
the western side of Jubal Strait at the southern entrance of the
Gulf of Suez (Fig. 1). The coastal area of the locality is con-
sisting of Raised Quaternary coral reef terrace covered with
thin layer of silicate sands. Rasel Behar is partially protected
from the intensive wave actions by a series of rocky islands
that form Jobal Strait (Abu Towal Islands). The tidal flat is
consisting of submersible terrace extending for about 120 m
covered with thin sand layer with dense seagrass carpets and
algal flora. The coastal and offshore areas of Rasel Behar and
El-Zeit Bay contain a series of the largest oil fields in the Gulf of
Suez that were widely exploited in oil and gas exploration and
production.
Hamrawin area involves the biggest phosphate mines,
milling factory and transporting harbour along the Red Sea. It
is located about 20 km north of Quseir City and about
120 km S. Hurghada Capital City along the Red Sea coast.
Hamrawin phosphate harbour lies directly on small embay-
ment to the south (Dar, 2005) in the downstream of Wadi
Hamrawin at the coordinates; between 26 150 5.2600; 34 120
0.700E and 26 150 11.5500N; 34 120 12.3400E (Fig. 1). Themaximum
recorded depth in the embayment was 10mdirectly below the
shipping wharf. The mountainous area of Hamrawin involves
one of the greatest phosphate mines that produce about 50%
of the Egyptian phosphate production. Hamrawin Harbor
contains big factory for crushing andmilling the raw boulders
and big stones. Themilling rawmaterials contain amixture of
all grain sizes; cobbles, pebbles and dust size. Throughout
shipping operations; the transferred raw materials were
exposed in most days to intensive winds, subsequently, the
finest particles of raw materials (dust size) are smothering in
air then fall down in the marine zone and the neighbouring
area. In the reverse wind days, the amount of volatized ma-
terials geminate to more than four or five folders due to the
generated eddy winds that increasing the dropped raw ma-
terials to the marine area around the harbour. Also, the ma-
rine area is affected by the terrestrial runoff from the Red Sea
Mountains during the temporary flash floods (El Mamony &
Rifaat, 2001).
2.2. Hydrographic parameters measurements
The Hydrographic parameters; pH, salinity and dissolved ox-
ygen (DO) were measured in situ using Digital Hydrolab In-
strument (Surveyor(4)) at the sea surface of all sediment
sampling locations.
2.3. Sampling and Analytical procedures
DuringMay and June 2006; 23 sampleswere collected from the
upper surface sediment layer (0e20 cm) using Grab Sampler in
water depth between 1 m and 10 m from Rasel Behar and
Hamrawin marine areas in addition to three samples were
collected from the alluvial delta at Hamrawin Valley.
About 250 g of each sample were dried in an oven at 105 C
to remove moister then pulverized and homogenized. The
powdered samples were bottled in 40 ml containers and
stored for about four weeks to reach the equilibrium state.
One gram of each homogenized sample was digested in a
Table 1 e The measured oceanographic parameters at
Rasel Behar and Hamrawin.
pH S& D.O
Rasel Behar
R11 7.97 42.30 4.22
R12 7.97 42.96 4.23
R13 7.98 41.95 4.34
R21 7.97 42.07 4.23
R22 7.98 42.01 4.36
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filtered using a glass fibre filter in order to separate the solu-
tion from the sample residues. The solution was evaporated
and dissolved in concentrated HCl for 238U series and 232Th
series analyses and 0.5 M HCl for 210Pb analysis by alpha
spectrometry. All samples were analysed within 1 year of
collection.
The determination methods used at the Radiation and
Nuclear Safety Authority (STUK) for analysing 238U, 232Th and
210Pb have been accredited according to the European Stan-
dard EN ISO/IEC 17025 (ESEN, 2005) (code T167). Accreditation
is given by the Finnish Accreditation Service and all methods
are documented in STUK’s quality manual. Quality assurance
for the methods used in this study has been performed by
analysing several environmental reference samples, e.g.
IAEA-326, IAEA-330, parallel and blank samples. The mini-
mum detectable activity (MDA) for each method was calcu-
lated using the Currie definition (Currie, 1969).
226Ra (238U) series, 228Ra (232Th) series and 40K concentra-
tions were determined using radiochemical separation and
counted by alpha spectrometry (AlphaAnalyst from Can-
berra). Isotopes of 238U and 232Th, were separated from other
radionuclides by ion exchange using a Dowex 198, 50/100
mesh. The MDA was 10 mBq for the sample with a 1000 min
count time. 232U was used as a chemical yield tracer. The
tracer yield typically varied between 60 and 90%.
The 210Pb concentration was determined using the spon-
taneous deposition of 210Po on a silver disk followed by alpha
spectrometric measurement (AlphaAnalyst) of the 210Po ac-
tivity (Ha¨sa¨nen, 1977; Vesterbacka & Ika¨heimonen, 2005).
210Powas deposited froma 0.5MHCl solution at a temperature
of 80 C with a 4-h deposition time. The solution remaining
from the 210Po deposition was stored for at least 200 days to
allow the in-growth of 210Po, which is a daughter product of
210Pb. The first 210Po deposition is necessary because all 210Po
needs to be removed from the solution in order to accurately
determine the in-growth time for 210Po. The second 210Po
depositionwas carried out after 200 days and the 210Po activity
was counted. The 210Pb result was calculated from the second
210Po deposition. The MDA was 10 mBq for the sample with a
1000min count time. 209Po was used as a chemical yield tracer
in the first 210Po deposition and 208Po in the second 210Po
deposition. The tracer yield typically varied between 60 and
90%.
R23 7.96 41.86 4.27
R24 7.92 41.81 4.27
R25 7.91 41.89 4.27
R26 7.89 41.82 4.25
R31 7.97 42.86 4.77
R32 8.01 42.37 4.71
R33 7.95 42.00 4.23
R34 7.91 41.67 4.65
R35 7.92 41.91 4.17
R36 8.06 42.59 4.73
Av. 7.96 42.14 4.38
Hamrawin
Ha-6 7.96 40.53 3.77
Ha-7 8.04 40.57 4.84
Ha-8 8.00 40.70 5.14
Ha-9 8.00 40.73 4.89
Ha-10 7.78 40.50 4.77
Av. 7.96 40.61 4.683. Results and discussion
3.1. Hydrographic conditions
Hydrogen ion concentration (pH) plays an important role in
the rate of release of metals into water. If the water is acidic
with low pH, themetals releasemuchmore rapidly thanwhen
the water is more alkaline and the pH is comparatively high
(Dar, 2002, 212 pp.). The lower pH values increase the
competition between metals and hydrogen ions. Also, a
decrease in the pH dissolves metal complexes and releasing
metal ions in the water column. Hydrogen ion (pH) at Rasel
Behar was varied from 8.0 to 8.1 and from 7.8 to 8.0 at Ham-
rawin (Table 1). The relatively high pH values Rasel Beharmayattribute to the brine water drains from the crude oil tanks
and the fishing boats maintenance. The low pH values at
Hamrawin recorded below shipping wharf and decrease
seaward that may due to the partial dissolution of phosphate
raw materials that may produce phosphoric acid in the
seawater. The vertical distribution of pH shows irregular
variation attributed to the vertical mixing process of water.
The decrease in the pH values with depth is mainly due to
decomposition of the organic matter and decrease in the
dissolved oxygen (Hanna, Saad, & Kandeel, 1988). It is higher
inwinter than in summer and it shows decreasewith depth as
a general trend, this can be attributed to the decomposition of
some falling organic matter (El Mamony, 1995, 212 pp.).
Hanna et al. (1988) demonstrated that the dissolved oxygen
(DO) increases seaward and northward in the Hurghada area.
Also, there is irregular distribution in the surface dissolved
oxygen, where the lowest values recorded at the shore. Dis-
solved oxygen is affected by certain local conditions as tem-
perature, salinity, increased aeration and decomposition of
dead organisms. Dissolved oxygen was fluctuated between
4.17 mg/l and 4.77 mg/l at Rasel Behar and between 4.68 mg/l
and 5.14 mg/l at Hamrawin (Table 1). El Mamony (1995), 212
pp. attributed the irregularity in the dissolved oxygen distri-
bution in the surface water to the fast effect of wind, wave,
tide, coral reef distribution and solar energy. According to Abu
Hilal (1985), dissolved oxygen in the seawater has an effect on
the metal dissolution and controls the redox potential. Nor-
mally, a higher dissolved oxygen concentration contributes to
a higher redox potential and greater dissolution of metals and
releases the metal ions from sediments into the overlying
water column (Dar, 2002, 212 pp.).
Salinity is a function of air and water temperature changes
from season to another. It was changed between 41.64& and
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Fig. 2 e Salinity, pH and DO distribution patterns at Rasel Behar.
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40.73& at Hamrawin (Table 1). The variation between surface
and bottomwater salinity depends upon the temperature and
water mixing. Hanna et al. (1988) attributed the irregular
variation of the vertical salinity distribution to the vertical
water mixing and the high rate of evaporation in some sea-
sons. They added, the increasing in salinity with depth is the
general character of the Red Sea. The seawater salinity
directly affects metal distributions; metals solubility was
decreased with salinity increasing (Dar, 2002, 212 pp.).
The recorded low salinity values and high DO contents at
Hamrawin relative to those at Rasel Behar may attributed to
surge wave and currents effects, continues seawater maxing
and the temporarily flash floods. The general trend of the
horizontal distribution pattern of salinity at Rasel Behar
shows two spots of increasing near the coast may be due to
the brine water drainage from oil tanks and the third is
southward, while pH and DO have increasing southward
belonging to the general trend of winds in the locality (Fig. 2).
The prevailing wind direction is north-northwest throughoutthe year in the northern Red Sea except for occasional
southerly winds that blow during winter (Fouda & Gerges,
1994, 99 pp.). According to (Sheppard, Price, & Roberts, 1992,
359 pp.), the fundamental movements of surface water follow
the winds, so that the northerly wind of summer drives sur-
face water south for about four months at a velocity of
12e50 cm/s. The main surface drifts are slow moving and are
easilymodified and even reversed by local effects and by small
tides (UNEP, 1997, 67 p.). Therefore, salinity at Hamrawin was
increased seaward while pH and DO were increased south-
ward belonging to winds and water masses movements
(Fig. 3).
3.2. Radionuclide occurrences
3.2.1. Rasel Behar
Ra-226, 228Ra, 232Th, 40K, 210Pb and 210Po at Rasel Behar recor-
ded the averages of, 15.2  6.3, 15.8  8.6, 16.2  8.7,
330.7  107.1, 19.3  12.7 and 27.5  21.18 Bq/kg respectively,
much lower than those recorded in the alluvial delta and
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Fig. 3 e Salinity, pH and DO distribution patterns at Hamrawin.
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226Ra at Rasel Behar were higher than average of the Red Sea
coastal sediments of Sudan (Sam, El Ganawi, Ahmed, & El
Khangi, 1998) and the sediment along Saudi Coast of Aqaba
Gulf (Al-Trabulsy, Khater, & Habbani, 2011), equal themean of
the coastal sediments of the Red Sea (El Saharty & Dar, 2010)
and Gabal El Zeit oil Fields (El Afifi, 2001, 98 pp.), lower than the
Red Sea shore sediments (El-Mamoney & Khater, 2004; El-
Taher & Madkour, 2011), the alluvial stream sediments of
Sharm El-Sheikh, S. Sinai (Al-Sharkawy, Hiekal, Sherif, &
Badran, 2012), the sand used in thermal therapy at the Red
Sea coast (El-Arabi, 2005), the Red Sea and Abu Rudies oil fields
(El Afifi&Awwad, 2005; Shawky et al., 2001). Themean of 228Ra
was close to Hamrawin alluvial delta and marine area, higher
than El Zeit oil Fields (El Afifi, 2001, 98 pp.) but significantly
lower than sediment along Aqaba Gulf (Al-Trabulsy et al.,
2011) and Abu Rudies oil fields (El Afifi & Awwad, 2005).
232Th activities were close to Hamrawin marine area and the
recorded by (El-Arabi, 2005; El Saharty & Dar, 2010) but much
lower than the average activities recorded by (Al-Trabulsyet al., 2011; Al-Sharkawy et al., 2012; El-Mamoney & Khater,
2004; El-Taher & Madkour, 2011; Shawky et al., 2001). 40K at
Rasel Behar shows higher activities than At Hamrawin alluvial
delta and marine area but lower than those recoded by (Al-
Sharkawy et al., 2012; El-Arabi, 2005; El-Mamoney & Khater,
2004; El Saharty & Dar, 2010; El-Taher & Madkour, 2011), while
210Pb and 210Po were lower than Hamrawin and other studies
(Table 3).
The distribution patterns of 226Ra, 228Ra, 232Th and 210Pb at
Rasel Baher show two patterns (Fig. 4). One of them, is the
activities increasing near the coast that may attribute to the
brine water drainage from oil tanks and the other southward
indicates to these radionuclides may drifted by winds from
the oil production platforms at Jubal Strait. According to
(IAEA, 2004), the water co-produced with the production of oil
and gas is currently considered to be contains the largest
volume of radioactive waste generated by the oil industry.
Also, the levels of natural radioactivity in this co-produced
water depend on the source rocks of the oil reservoirs and
the associated brine water (Al-Masri, 2006; Swann, Matthews,
Table 2 e The activities of; 226Ra, 228Ra, 232Th, 40K, 210Pb and 210Po at Rasel Behar, Hamrawin alluvial delta and Hamrawin
marine area.
Ra-226 Ra-228 Th-232 K-40 Pb-210 Po-210
Rasel Behar R401 24.2 23.9 23.7 455.3 38.8 77.3
R 443 7.3 5.4 5.6 103.6 12.8 15.5
R14 7.6 6.3 7.0 329.6 10.0 25.7
R-T14 22.1 27.9 28.9 318.6 N.D 20.6
R 21 11.6 9.8 10.5 440.4 12.8 7.7
R 24 17.2 20.1 20.2 319.0 18.7 25.0
R 31 12.9 10.9 11.3 358.2 N.D 28.5
R 34 18.6 21.8 22.4 321.0 23.0 19.5
Av. 15.2  6.3 15.8  8.7 16.2  8.7 330.7  107.1 19.3  12.7 27.5  21.2
Hamrawin alluvial delta H-V1 272.6 18.1 18.7 259.5 241.5 370.3
H-V2 107.9 14.9 15.0 349.1 104.1 209.6
HeV3 116.0 20.5 21.3 321.7 186.5 326.2
Av. 165.5  75.8 17.8  2.3 18.3  2.5 310.1  37.5 177.3  56.5 302.0  67.8
Hamrawin marine area Ha-B1 27.9 9.1 9.0 332.7 27.3 43.1
Ha-B2 38.4 9.9 9.9 210.4 35.6 25.2
Ha-B3 36.3 9.8 10.4 263.3 28.3 43
Ha-B4 108.5 79.6 81.5 122.2 46.2 49.3
Ha-B5 28.0 8.7 8.8 301.1 25.3 39.4
Ha-T1 40.2 8.9 9.3 295.7 44.6 70.1
Ha-T2 22.9 6.2 6.7 310.0 27.1 33.4
Ha-T3 21.3 7.2 7.8 235.2 21.6 35.8
Ha-T4 20.4 6.8 6.8 283.5 25.3 44.1
Ha-T5 25.9 6.0 6.7 308.5 32.4 58.3
Ha-S6 26.9 13.1 14.0 327.9 26.5 24.3
Ha-S7 100.1 10.5 11.3 246.9 86.0 137.1
Ha-S8 200.0 11.4 12.4 188.8 187.6 375.1
Ha-S9 437.1 4.3 5.7 101.6 321.9 360.2
Ha-S10 425.5 9.0 10.5 111.8 449.3 656.5
Av. 103.9  141.6 13.4  18.5 14.1  18.8 242.6  79.3 92.3  128.5 133.0  184.5
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found that the radionuclide ratios increase along the coastal
shoreline in the direction of the Shuqeir to the north and
southward whereas the oil exploration and production activ-
ities are located. In the otherwise, 40K and 210Po were
increased near the coastline (Fig. 5) indicating to terrestrial
origin for both. The main sources of sediments to the beaches
of the Egyptian Red Sea are terrestrial deposits transported
from the fringing mountains (El Mamony & Rifaat, 2001). El-
Shershaby (2002) found high radioactivity levels for 40K in
the Red Sea Mountains (Gable Gattar II) backward of Rasel
Behar area varied between (1048e1230 Bq/Kg). El-Arabi (2005)
recorded that potassium is present in the light mineral frac-
tion, such as potash-felspar, mica and glauconite, fromwhich
it is slowly converted into soluble forms by weathering pro-
cesses. The 210Pb fallout flux is from the atmosphere and/or
geo-chemical behaviour of both Pb and Ra in the environment
(El-Mamoney & Khater, 2004).
3.2.2. Hamrawin harbour
Very wide variations were observed in the different radionu-
clide measurements at Hamrawin. The average activities of;
226Ra, 228Ra, 232Th, 40K, 210Pb and 210Po in the alluvial delta
were; 165.5  75.8, 17.8  2.3, 18.3  2.5, 310.1  37.5,
177.3  56.5 and 302  67.8 Bq/Kg, while the average activities
in the marine area were; 103.9  141.6, 13.4  18.5, 14.1  18.8,
242.6  79.3, 92.3  128.5 and 133.0  184.5 Bq/Kg respectively.
The alluvial delta samples recorded higher average activities
of the different radioelements than those recorded in themarine area. The highest activity values recorded at Hamra-
win marine area were concentrated inside the shipping zone
and decreasing abruptly seaward and southward. The recor-
ded concentrations of the different radioelements at Hamra-
win are significantly higher than the other sediments along
the Red Sea coast, while the recorded concentrations of 232Th
series and 40K in phosphate rocks of all types are similar to
those observed normally in soil (Al-Sharkawy et al., 2012; Al-
Trabulsy et al., 2011; El-Arabi, 2005; El-Mamoney & Khater,
2004; El Saharty & Dar, 2010; El-Taher & Madkour, 2011; Sam
et al., 1998; Shawky et al., 2001). Khater, Hussein, and Hussein
(2004) documented that the concentration of 238U and its
decay products tend to be elevated in phosphate deposits of
sedimentary origin. A typical concentration of 238U series in
sedimentary phosphate deposits is 121 mg/kg (1500 Bq/kg)
with a range of 372e3224 Bq/kg (UNSCEAR, 1993). Bigu,
Hussein, and Hussein (2000) reported that the uranium con-
tents of some Egyptian phosphate rocks in the Red Sea coast
and several Nile valley sites are in the ranges of 235e1761 Bq/
kg and 595e2294 Bq/kg respectively. The recorded activities at
Hamrawin alluvial delta and Hamrawin marine area is lower
than the average 238U content in Abu-Tartor phosphate rock is
about 408 Bq/kg (Khater, Higgy, & Pimpl, 2001), phosphate
layer of El-Sabaea Mine (Harb et al., 2008), some Egyptian
phosphate rocks from Nile Valley, Eastern and Western de-
serts (Abbady, 2005) but much lower than phosphate rocks of
Wadi El-Mashash and El-Mahamid Mines, Egypt (Abbady,
Uosif, & El-Taher, 2005) (Table 3). The uranium concentra-
tion in the shore sediment depends on the uranium
Table 3 e Some measurements of 226Ra, 228Ra, 232Th, 40K, 210Pb and 210Po (Bq/kg dry weight) in present study compared with other studies worldwide.
Location Ra-226 Ra-228 Th-232 K-40 Pb-210 Po-210 Note Ref.
Egypt 7.3e24.2 5.4e27.9 5.6e28.9 103.6e455.3 10.0e38.8 7.7e77.3 Ras El Behar Present study
Egypt 20.4e437.1 4.3e79.6 5.7e81.5 101.6e332.7 21.6e449.3 24.3e656.5 Hamrawin marine area Present study
Egypt 107.9e272.6 14.9e20.5 15.0e21.3 259.5e349.1 104.1e241.5 209.6e370.3 Hamrawin alluvial delta Present study
Egypt 22.6e93.7 e 21e169.2 890e1599 e e Alluvial stream sediments of Sharm
El Sheikh, S. Sinai
Al-Sharkawy et al., 2012
Egypt 18e48 e 34e110 214e641 e e Red Sea marine sediments El-Taher & Madkour, 2011
Egypt 9.5e25.2 e 3.6e15.3 38.6e593 e e Red Sea Coastal sediments El Saharty & Dar, 2010
Saudi Arabia 5.18e29.25 4.4e59.1 5.28e58.87 324.6e1133 Gulf of Aqaba Al-Trabulsy et al., 2011
Egypt 5.3e105.6 e 2.3e221.9 97.6e1011 8.1e96.0 e Red Sea shore sediments El-Mamoney & Khater, 2004
Egypt 20.6e25.3 e 21.4e22.4 548e618 e e Sand thermal therapy at the Red Sea El-Arabi, 2005
Egypt 68.9 24 e e e e Oil fields, Abu Rudies El Afifi & Awwad, 2005
Egypt 14.8 4.3 e e e e Oil fields, Gabal El Zeit El Afifi, 2001 , 98 p.
Egypt 194.49 e 897.80 e e e Red Sea oil fields Shawky et al., 2001
Sudan 2.4e59.9 e 0.22e19.29 23.7e515.0 e 3.7e94.7 Red Sea Coastal sediments Sam et al., 1998
Worldwide 372e3224 Phosphate deposits UNSCEAR, 1993
worldwide 1.35  103 8.46 468.5  24.3 2.55  101 e e Phosphate Ore Bituh et al., 2009
Egypt 468.5  24.3 14.3  3.1 14.40  2.5 522.5  22.9 e e Phosphate layer, El-Sabaea Mine, Aswan Harb et al., 2008
Egypt 235e1761 e e e e e Egyptian phosphate rocks Bigu et al., (2000)
Egypt 284 e 23.7 45.9 259 e Abu-Tartor phosphate rock Khater et al., 2001
Egypt 410 e 7.9 37.6 e e phosphate rocks from Nile Valley,
Eastern and Western deserts
Abbady, 2005
Egypt 566.8e665.8 e 217.3e329.4 560.1e587.6 e e Wadi El-Mashash and El-Mahamid
phosphate Mines
Abbady et al., 2005
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Fig. 4 e The activity patterns of 226Ra, 228Ra, 232Th and 210Pb at Rasel Behar.
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and the mobility of uranium from the rock and the shore
sediment by rain and seawater, respectively (El-Mamoney &
Khater, 2004; El Mamony & Rifaat, 2001). The relatively high
activities of the different radioelements recorded at the allu-
vial delta of Hamrawin are attributedmainly to the phosphate
smothers and the terrestrial runoff from the temporary
flashfloods. El-Taher and Madkour (2011) attributed the
recorded activities of 226Ra, 232Th and 40K in some alluvial
valleys downstream along the Red Sea to the derived sedi-
ments from the basement complex source materials that are
composed of a complex of granites, diorites and green
breccias.
The highest activity patterns of 226Ra, 210Pb and 210Po were
concentrated below the shipping wharf and decreasing
abruptly seaward and southward indicate to the droppedphosphate raw materials in the marine area are the main ra-
dioelements source in the locality (Fig. 6). Ra-228 and 232Th
activity patterns reach the highest activity values south-
western corner of the embayment (Fig. 7) tend to accumulate
with the fine sediments, while the activity pattern of 40K was
covering the embayment basin indicating to strong occur-
rence and multiple sources of accumulation (Fig. 8).
3.2.3. Statistical estimations
At Rasel Behar; 226Ra, 228Ra, 232Th and 210Pb show negative
correlations with and positive correlations with DO, 40K has
inverse relationships (positive with DO and negative with pH
and salinity), while 210Po recorded positive correlations with
the different parameters (Table 4). At Hamarwin, 226Ra, 210Pb
and 210Po recorded significant negative correlations with pH
and positive correlations with DO, while the correlations with
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Fig. 5 e The activity patterns of 40K and 210Po at Rasel Behar.
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Fig. 6 e 226Ra, 210Pb and 210Po activity patterns at Hamrawin.
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Fig. 7 e 228Ra and 232Th activity patterns at Hamrawin.
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negative correlations with salinity and dissolved oxygen. The
pH shows weak positive correlation with 40K and insignificant
with 228Ra and 232Th (Table, 4). Al-Masri (2006) found no34.2005 34.2035
26.251
26.254
K-40
Fig. 8 e 228Ra and 232Th activity patterns at Hamrawin.
Table 4 e the correlation coefficients between the
radionuclides and oceanographic parameters at Rasel
Behar and Hamrawin.
Rasel Behar Hamrawin
pH S& DO pH S& DO
Ra-226 0.94 0.34 0.29 Ra-226 0.50 0.29 0.53
Ra-228 0.99 0.49 0.19 Ra-228 0.03 0.52 0.48
Th-232 0.99 0.51 0.19 Th-232 0.04 0.55 0.48
K-40 0.67 0.30 0.31 K-40 0.39 0.39 0.71
Pb-210 0.98 0.88 0.69 Pb-210 0.70 0.07 0.50
Po-210 0.77 0.32 0.47 Po-210 0.72 0.04 0.59correlation between radium isotope concentrations in the
produced water and the chemical composition and physical
properties of the produced water with oil and gas. Al-
Sharkawy et al. (2012) found negative correlation between
226Ra and pH in the stream sediments around Sharm El-
Sheikh.
Radionuclide metals solubility is related to parameters
such as pH, redox potential (closely related to the dissolved
oxygen content), temperature, salinity and organic and inor-
ganic complexing. Due to the different chemical properties
and half-lives of the radionuclides in the decay series,
chemical leaching from the rock material will occur at
different rates (NRPA, 2004, 54 pp.). Ahmed, Abbady, El-Kamel,
Steinhausler, and El-Arabi (2001) noted that the concentration
of uranium in the nature surface water is affected by some
factor as the climatic conditions and the oxidation state of the
water. The negative correlation with pH and the positive
correlation with DO indicate that the radionculides in sedi-
ments were less soluble with increasing pH and tend to
accumulate in sediments under more oxidizing conditions
(Giresse, De Dieu N’Landou, & Wiber, 1986). Guimond (1990),
pp. 113e128 reported that the radionuclide content of a
phosphate deposit increases with increasing P2O5. Horrison
(1992) attributed the 40K variations in the sediments to the
high solubility of potassium, the organic matter content and
the particle size which corresponds to the clay content.4. Conclusions
➢ The distribution patterns of pH, salinity and Dissolved
oxygen as well as some radioactive elements; 226Ra, 228Ra,
232Th, 40K, 210Pb and 210Po were studied in two localities
with different human activities; oil exploration and pro-
duction at Rasel Behar and phosphate mining, milling and
shipping at Hamrawin.
➢ The relatively high pH values Rasel Behar may attribute to
the brine water drains from the crude oil tanks and the
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 7 ( 2 0 1 4 ) 2 9 2e3 0 4 303fishing boats maintenance. The low pH values at Hamra-
win recorded below shipping wharf and decrease seaward
may due to the partial dissolution of phosphate raw ma-
terials. The recorded low salinity values and high DO
contents at Hamrawin relative to those at Rasel Behar
may attributed to surge wave and currents effects, con-
tinues seawater maxing and the temporarily flash floods.
➢ The distribution patterns of 226Ra, 228Ra, 232Th and 210Pb at
Rasel Baher show two patterns. One of them, is the activ-
ities increasing near the coast that may attribute to the
brine water drainage from oil tanks and the other south-
ward indicates to these radionuclidesmay drifted bywinds
from the oil production platforms at Jubal Strait. K-40 and
210Po were increased near the coastline indicating to
terrestrial origin for both.
➢ The recorded concentrations of the different radioele-
ments at Hamrawin are significantly higher than the other
sediments along the Red Sea coast. The highest activity
patterns of 226Ra, 210Pb and 210Po were concentrated below
the shipping wharf and decreasing abruptly seaward and
southward indicate to the dropped phosphate raw mate-
rials in the marine area are the main radioelements source
in the locality.
➢ The negative correlation with pH and the positive corre-
lationwith DO indicate that the radionuclides in sediments
were less soluble with increasing pH and tend to accu-
mulate in sediments under more oxidizing conditions.
➢ The 40K variations in the sediments to the high solubility of
potassium, the organicmatter content and the particle size
which corresponds to the clay content.r e f e r e n c e s
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